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A.!MEtu

There arc a number of potential applications for space
deployable structures. ‘1’hc users of such structures include
the scicncc, commercial and DOD community. Their strin-
gent application criteria dictate the need for low cost, light
weight and mechanically reliable space structures. Fortu-
nately, a relatively ncw class of precision dcployablcs  has
cmcrgcd that has tremendous potential for accommodating
these dcmanciing user application criteria. They are called
infiatab]y  deployable space structures and they arc under
dcvclopmcnt  by organizations that includcbut arc not limitcci
to L’Garde, Contravcs, Acrospacc Rccovcry Systcrms,  SRS,
11X Dover, I’hiokol, and others.

As a conscqucncc of the potential of this new class of
space structures, a numbcrofncw  functional system concepts
have been conccivcd  tocxploit  such capability. They include
Space VLB1, I,ightSAR, Power Antenna, and lntcrfcromete.r
support structures. Space-baseci VI.BIrcquircs the uscof onc
or more Iargc size rcfiector antennas on orbit, viewing cclcs-
tial radio sources, in conjunction with onc or more large size
ground based antennas. Synthetic apcrhrrc radar techniques
frequent Iy usc large area deployable structures for the mount-
ing of a large number of active radiating feed clcmcnts.  The
Power An[cnna  Concept is based on using a single large
rcficctor antenna for both communications and solar energy
collection for outer-planet missions. Unfilled aperture ap-
proaches  for space based intcrfcromctry  generally utilize
large size structures for [hc mounting of a number of small
tclcscopcs for simultaneously viewing of astronomical ob-
jects.

T’his paper dcscribcs a number of specific potential
missions for which inflatable structures might bc enabling
fin(i how stringent user rcquircmcnts lcd to the spcciflc
objectives used for the NASA sponsored IN-STEP ]nfiatablc
Antenna Experiment.

introduction

Currently, no meaningful orbital assembly of space
str-ucturcs  is planned for the space station. Consequently,
some small anti mcciium,  anti all Iargc spcc structures wili

have to i>c self-dcployabic. “1’hc types of deployable space
structures needed to accommodate a number of the new
mission concepts include (a) booms, (b) solar-array support
structures, (c) suwshade support structures, (d) planar-array
antennas, (c) solar concentrators, and (f) reflector antennas.
HOWCVCI , because of limited resources at this time, the
potential users of space-dcployab]e structures technology arc
bound b} stringent criteria for concept selection. The most
significant concm-n  to users is cost. Most of the large,
conventional, rncchanical-dcployabic structures are prohibi-
tively cxpcnsivc. Other user acceptance criteria include
deployment re]iabiiity, mechanical-packaging cfficicncy,
geometric precision, thermal stability, and long-term dinlcn-
sional stuhility. ]n a(i(iition  to these stringent requirements,
the valiciation of ncw an(i promising concepts will have to
inciudc ]calistic demonstrations of concept performance,
maturity, and low COSI.

Fortunately, a relatively ncw class of deployable space
structures has rcccntly cmcrgcd  with tremendous potentiai
for accolnmodating the current user criteria. Even though
inflatable space structures have been around for over 40
years, ol]ly recently have a very fcw organizations learned
ilow to cicsign and rnanufacturc  thin membrane structures
with enough geometric precision to bc seriously considered
forspcciiic  classes of application. Organizations which have
rcccntly dcrnonstratcci a technology capability for large,
inflatable space sm]ctur-cs include 1,’Garde, Inc., Contravcs,
SRS, Acr ospace Recovct-y  Systems, ILC Dover, and Thiokol.

‘1’hc specific tcchno]ogical  capabilities, the objcctivcs,
and focus of the dcvclopmcnt  and maturity of these inflatable
concepts can bc found in Rcfcrcnces 1 through 32.

As a conscqucncc of the potential capability of infiat-
abic dcployahlc si)acc structures for numerous classes of
application, a number of functional systcm concepts hrrvc
bccm dc}clopcd around specific inflatables concepts. A
number of these systcm concepts anti their inflatable struc-
(urcs  tecl, noiogy  ncccis arc smnmarizcd in Table 1. Many of
these sys[cm concepts arc not just enhanced, but arc fundam-
entally enabled by inflatables tcchrroiogics.

Copyright @ 1995 by the American Institute of Acrormutics and
Astronautics, Inc. All rights rcscrvccl.
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Mission

Application

Concept

RF Interferometry

Large Aperture
RF Antennas

10-30 m
riiamptw“, ,, ,”.”,,

high-precision
1 inflatable

ref Iectors

I Technical I ● iong:ife;
challenges resistance to

micrometeoroids
.  rll~c~~~~n

rigic!izable
support structures

.  TOW  ~~mp~ra!~lr~

rigtdizatlon

Application Low-Moderate risk
maturity/
development
risk

Table 1. Inflatables Applications Summary

SAR Mapping

Large Planar Array
SuPDofl  Structure

5-25 m

I structure

●  a!omtc oxygen
resistance
(LEO applications)

●  SUPPOR  structure
precision/pianarity

●  !!exWe SAFI  array
and !n:eEratiori  wI:7
suooort  structure

Moderate risk

@

.. . .
\ . . . ——-

,/== *,.
=j:jT,...:\-
[,. --- G

--..,.-:.

Outer planet lR/OpficaI
exploration Interferometry

5-meter+  inflatable Accurate, 50-100
reflector  for both meter class
RF communications ,  inf!a!ab!e
and solar  power r,gidiza~l~

concentrator structure

● long-term stabllrty; ● distributed inflation
● low temperature ● controlled,

survivability assisted
●  :Tetime (!eakage, deployment

materials) ●  slow/contrcled
rigidization

.  @mens,Qna::”

precise and
s:ab~e  stwctuw

Mor?erate  risk I High Risk

I

High-data Rate RF Earth Radiometry Solar Observation
Communications for of Planets
Small Spacecraft

Small Aperture Large Aperture Solar Sail
RF System RF Antenna support structure

(30 meter class)

1-3 m diameter 10-30 m 150-250 meter
inflatable reflector, diameter, diameter
conventional feed, moderate I  inflatable,,
mass !ess !ban 3kg, precision rigidizable
volume IE!SS  than infla!ab!e torus
.0! m3 1 refiector

● hfetime  (leakage,
materia!s)

● atomic oxygen
r~s!q~nc~
(LEO applications)

● lightweight
in$!~~i~n  svs!~m

● atomic oxygen
resistance

●  Iow-emissivity
rma!eria!s and
coatings

● distributed
inflation

● controlled,
assisted
(!ep!oyment

● slow/controlled
,ig; ~4za!;  o”

Low risk Low-Moderate risk High Risk

.
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in [his prrpcr,  a number of these systcrn concepts arc
dcscribcd, along with the potential benefits of inflatables
tcchrrologics to each. The specific inflatables technology
dcvclopmcnt needs of each are also discussed.

The systcm concepts dcscribcd below are:

.

.
●

✎

Tbc ARISE Mission: Orbiting Very Long Baseline
Intcrfcromctry
LightSAR: a concept for earth SAR topography
The Power Antenna: solar power and high data-rate
communications for missions to the outer solar
Systcm
Intcrfcromctcr Support Structure

‘1’hc ARISE Mission: Orbiting Verv I.onz Baseline
Intcrfcromctrv

ARISII  (Acivanccd Radio Intcrfcrometry  between Space
and Earth)  is a concept for utilizing orbiting an(cnnas in
conjunction with ground antennas to syntbcsi?,c  a highly
sensitive RF intcrferomctcr  with an cffectivc baseline larger
than the Earth’s dianlctcr.3s It utilizes an orbiting, 30-rnctcr
class reflector antenna operating at 22 to 43 Ghz, working in
conjunction with ground-based antennas to achieve high
angular resolution of distant RF astronomical sources.

Figure 1. ‘I”bc ARISE Mission Concept

A conventional, mechanically deployable reflector
structure of that size rrnd precision might bc expected to cost
hundreds of millions of clollars,  weigh many bundrcds  of
kilograms (depending on the technology employed), and
hrrvc stowed dimensions which, driven by the deployment
kinematics, may bc constrained to bc a significant fraction of
the deployed size (i .c., up to several meters in lcrrgtb).  l’bc
large mass and stowed volume of candidate mechanical
deployable reflectors for this application would also necessi-
tate the usc of a large launch vchiclc, In addition, tbc mass
and inertia of such a large reflector structure would drive

3

other elements of the sprrcccraft system design (such as
attitude control systcm)  resulting in increased mass and
power consumption across the board.

L>c.pending on the lifctirnc  required, and on the orbital
cnvironrnent  in which it must operate, an inflatablcdcploy able
reflector for this application might have an initial mass on the
order of 100 kg, cost only a fcw tens of millions of dollars,
and fit into astowcd volurncof less than onccubic  rncter. The
substantially smaller mass and stowed volume of the inflat-
able reflector migh~ enable the usc of a launch vehicle in the
Atlas- or Delta-class, instc.ad of the Titan-class vehicle which
might be required to loft a systcrn crnploying  an equivalent
size mechanical deployable reflector. In a fiscal environment
where c.rld-to-cnd mission costs, including launch vehicle,
may bc constrained to a fcw bundrcds of millions of dollars,
the use ofinflatablcs techitology for this application becomes
enabling.

Technology dcvcloprncnts  nccdcd for this application
include improvements in the initial deployed precision of the
inflatable, rigidizablc support structures (torus and struts),
continued improvement in as-manufactured of reflector sur-
face accuracy, and cnhanccd  long-term survivability of the
thin-film materials. Note that all of these technology needs
represent incremental inlprovcmcnts  over currently existing
capabilitlcs”— no major ncw dcvclopmcnts  are needed.

I.igbtSAR:  A Concept for Earth Global Tor)og rrmhv

Col~vcntional,  rrlcchanicallydcpl  oyablcarrays  for Syn-
thctic Aperture Radar (SAR) observations require kincrnati-
cally co]nplex (hcncc,  risky) dcploynwn~,  and large rigid
panels for support of the active array elements and [heir
associated electronics and feed systems. The Iargc stowed
dirncnsiorrs  and high mass of these arrays also lead to a
rcquirerncnt  for large, high lift-capacity launch vchiclcs.

Figure 2. The I.ightSAR Concept

A i)cw  concept fcwa low-cost, lightweight SAR system
has been (Icvelopcd based on inflatable deployable structures
tcchrmlo:’,y. Thcconcc.pt is called I.ightSAR  (SCC I~igurc 2).s4
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It u[ilizcs simple straight inflatable tubes supporting a flex-
ible SAR array and groundplanc, which can be compactly
folded for launch. The inflatable deployed tubes and stowed
cannistcr arc based on existing inflatable deployed solar
array support structures developed at L’Garde, Inc. Js The
total mass of a 3 meter x 10 rnctcr inflatable deployed array
capable of operation at L-band (1.5 GHz) is expected to be
Icss than 30 kg, including the tubes, canisters, flexible array
blankets, and inflation system. If sr.rcccssfully developed,
(his concept is expected to dcrnonstratc  major mass and cost
reductions as compared to mechanical deployable designs.
Together with other ncw technologies for the reduction of
spacecraft mass and volume, it is anticipated that a SAR
mission employing inflatable support structure technology
COUICI bc launched on a Taurus-class launch vchiclc, whiletbe
comparab]c  systcm based on conventional mechanical
deployable structures technologies would require a Delta II.

Inftatablcs  technology developments needed for the
support structure for this application include improved preci-
sion inflatable, rigidizablc  structures (particularly for higbcr
frequency applications), improved atomic oxygen and ultra-
violet resistant thin film materials, and lightweight inflation
systcm dcvclopmcnt.  Again, all of these represent incremen-
tal improvements to existing technology. A companion and
application-unique technology development needed is a light-
weight, ftcxiblc  radiating element support structure (SAR
array) which can bc compactly stowed with the inflatable
support structure.

Tbc Power Antenna: Solar Power and High Data-rate
Communications for Missions to the Outer Solar Svstcm

The Power Antenna (SCC Figure 3) is a concept for
combining the functions of solar concentrator and RF com-
munications antenna into a single aperture. ‘l’his concept has
the potential to enable all-solar missions to the outer planets,
while simultaneously increasing data return rates by 1-2

11/ Solar and RF Rad(a[,on

Figure 3. ‘1’bc Power Antenna Concept

orders of magnitude. Increased downlink data rates would
also hat c the effect of reducing mission operations costs by
reducin~  DSN usage requirements.

q’lle apertures required to provide spacecraft power via
solar concentration at Lhc outer planets can bc quite large:
anywhere from approximately 8 meters up to 30 or 40 meters
in diameter. In order  to perform the function of solar
conccnttator,  the reflector surface mus( bc continuous — a
mesh deployable would not suffice. If inflatable apertures arc
not available, it would be necessary to utilize heavier, more
expensive, mechanically deployed solid-element reflectors
to perfojm this function. The mass and cost of such nlechani  -
cal reflectors in this size range is estimated to bc one to two
orders-of-magnitude higher than the inftatablc design. If the
cost of tile mechanical alternative itself were not prohibitive,
the cost of a launch vehicle capable of lifting such a large ancl
massive system might bc. As a conscqucncc,  inflatable
rcflccto]s are considered to represent a fundamentally en-
abling technology for this concept.

Detailed technology dcvclopmcnt  needs for the Power
Antenna concept arc contained in Rcfcrencc  36. The princi-
pal elements are summarized here.

1.

2.

3.

4.

5. .

6.

Large, lightweight inflatable apertures (5-40 meter
class) which can perform both as RF conmlunica-
tions antennas and as solar concentrators

smooth, highly stressed reflector membranes
- high-reflectivity coatings
- low-loss (highly transparent) canopy materials

Precision, lc)w-tcmpcraturc rigidizable  support struc-
ture

low-tcn)pcraturc (phase-change) rigidiz,ablc
rnalcrials

Compact, ligh{wcight solar receiver (either photo-
voltaic or thcrlnoclectric) in the 100 Watt class for
conversion of the concentrated sunlight into electri-
cal power
Phased-array R1’ feed for offset pointing of conm~u-
nications signal from reflector borcsight
RF “bcamsp]it[cr”  for separating RF signal from the
collcctcd solar energy
Variable solar attenuator (to accommodate conccn-
trator/rcccivcr  opcmtion at a wide range of solar
distances)

lntcrferometcr  Sup~~rlStructure

A number of concepts have rcccntly  been dcvclopcd
which utilize arrays of optical or IRtclescopcs forastromctric
intcrfcromctry applications. For some of these systems, the
individual small ( 1 -meter class) apertures must bc physically
conncctccl and aligned. As tbc dimensions of the required
support structures arc in t hc range of up to 100-150 meters,

—
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inflatables rcprcscnt a promising alternative to expensive and
heavy mechanical deployable truss-type structures. The
Switzerland-based company Contraves has proposed the rrsc
of an inflated, rigidized  ring, 20 meters in diameter, to
support twelve 1.2-nl  apertures for the SISTERS (Space
Intcrferomctcr  for the Search for Terrestrial Eixo-planets  by
Rotation Shearing) interferometer.~’ A nrnnbcr of other
intcrfcromctcr  concepts have recently been developed at the
Jet Propulsion l.tiboratory which could utilize inflatable
supporl structures up to 100mctcrsinsize.

The major challerrgc for the application of inflatable
structures to this class of instrument is for the inflatable to
achieve sufficiently high initial deployed precision and pre-
dictability. Secondary challenges are to maintain adequate
dimensional stability and stiffness over thernission duration.

While the lAIi will bc a major step in the validation of
inflatable deployed structures technology for precision ap-
plications, a great deal more work still needs to bc done to
fully realize the tremendous potential of this technology.

Conclusion- - - - -

I.imitations of government resources for science, in-
dustrial investment capi[al, and future DOD budgets have
resulted in a “search” for a be.ttcr  and chcapcr way to develop,
validate, and actually use large deployable space structures,
Inflatables structures have been identified as the “best” new
and innovative concepts at this time. As affordable, low-risk
new teclmologies  emerge  ancl are validated, so will new and
innovative functional systcm concepts that exploit the poten-
tial capability.

User Validation C.ritcria for New Concepts

Strong user interest in the application of inflatable
space structures has contributed to a number of technology
dcvclopmcnts of inflatable structures concepts. However,
prior to actual usc of this new type of structure, a number of
realistic demonstrations and validations will bc essential.
They include (a) demonstration of low cost and weight by
actually building large flight-type hardware, (b) demonstra-
tion of high mccbanical-packaging efficiency by actually
stowing a large flight-type structure in a small container, (c)
demonstration and validation of deployment reliability with
large flight-type hardware in a realistic zero-gravity environ-
ment, (d) demonstration of initial surface precision and
thermal stability in a realistic thermal environment, and (e)
ground-based demonstrations that arc appropriate for some
types of performance validations.

JN-S’I”EP Inflatable Antenna Exr)criement

I“hc NASA-sponsored IN-STEP Inflatable Antenna
Experiment (IAI~) is intended to address the concerns of the
user community and rcducc the risk of applying new technol-
ogy by va]idatingalargc  inflatable-deploy ablcantcnnastruc-
turc on orbit on S’1’S 77 in May of 1996.

‘1’hc objectives of the experiment arc intended to spe-
cifically address the antenna user-application criteria. Con-
sequently, the specific objectives are to (a) validate the
deployment of a 14-nlctcr diameter, inflatable-deployable,
offset parabolic rcftcctor antenna structure in a zero-gravity
cnvironmcn[,  (b) measure the reflector surface precision,
which is expcc(cct  to bc on the order of 1 -mm rms, for several
diffcl-cnt  sun angles and inflation pressures in a realistic
thermal cnvironmmrt,  and (c) demonstrate that a large flight-
quality structure can bc built at low cost ancl that it can bc
stowed in a very smrrll-size container, Details of the experi-
ment arc given by Rcfcrcnccs 38 through 41.

The work described in this paper was carried out at the
Jet Propulsion Laboratory, California Institute of Technol-
ogy, under a contract with the National Aeronautics and
Space A(hninistration,

Refer&rce  herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer,
or otherwise, does not constitute or imply its endorsement by
the United States Govcrnmcrrt or the Jet Propulsion Labora-
tory, California Institute of Technology.
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